The variation in nitrogen dioxide (NO 2 ), particulate matter (PM 10 and PM 2.5 ) concentrations and meteorological data were analyzed at different types of urban spaces in Mysore consisting of four street canyons and one open landscape sites. The NO2 and PM levels were measured using a portable monitoring device and respirable dust sampler, respectively. The maximum NO 2 concentration was found at the intersection of both street canyons and open landscape, either in the morning (70-160 µg/m 3 ) or evening (20-60 µg/m 3 ). Results found that the concentration of NO 2 in street canyons was significantly higher than in open landscape sites (p < 0.001). The ambient NO 2 levels were also found lower in the crossroads compared to such in the main roads. The high number of vehicles passing through the roads accounts for the higher NO 2 concentration as we found a significant positive correlation between traffic volume and NO 2 , SPM, PM 10, and PM 2.5 concentrations, either in the street canyon and open landscape sites. Furthermore, a negative association has been observed between both SPM and NO 2 levels and the wind speed (p = 0.002 and p < 0.05, respectively). The factors affecting the different dispersion characteristics of air pollutants were found to be the wind speed, vehicular traffic, and site landscape were congested with a high number of tall buildings.
Introduction
Congested streets and polluted air from traffic volume in urban areas are serious problems, both in central cities as well as in urban spaces (Mally and Ogrin 2015) . India's contribution is small compared to global transport emissions, but it is increasing exponentially. The increase in air pollutant concentrations due to vehicular emissions in developing countries like India directly affects the ecological environment and adversely impacts on the human (Aggarwal and Jain 2015) . The dispersion of traffic emissions in urban areas is highly influenced by the presence of building structures. Exposure to air pollutants in an urban environment is expected to significantly increase, especially in those areas where population and traffic density are relatively high (Vardoulakis et al. 2013) .
It has been reported that PM 2.5 , PM 10 , and NO 2 concentration has exceeded the exposure limits for urban population due to the increase in traffic volume. High traffic density and poor dispersion cause pollutant concentration to be higher in roadway than non-roadway environment (Acero et al. 2015; Zhang et al. 2013 ). Due to the rapid increase in vehicle ownership, automobile emission has become the major source of air pollution in large and medium-sized cites.
The high rise building forms a lot of street canyons and also leads to the accumulation of a large number of harmful gases from the motor vehicle in the canyons, which are difficult to disperse and may have serious health effects on the urban population (Zhang et al. 2015) . The street-level concentrations of air pollutants depend on wind direction and street canyon aspect ratio (Jeanjean et al. 2017) . Climate action also requires an understanding of how emissions vary with spatial context. In Mysuru, the available number of air quality monitoring stations is limited. Hence no sufficient information was available on the distribution of air pollutants within and away from heavy traffic street canyons. Therefore, the present study was set up to determine the spatial distribution of NO 2 concentrations based on the distance from the intersection, vehicular traffic, PM concentration, and meteorological condition in different urban spaces of Mysuru city.
Materials and Methods Study Area
Mysore is one of the largest districts in the state of Karnataka, India. It lies at 12° 18' 25" N latitude and 76° 38' 58" E longitude. The altitude of the city is 765 m above mean sea level (Fauzie and Venkataramana 2017) . Five sites were chosen for the air pollutant sampling based on vehicular traffic and street landscape, either street canyon or open landscape. Irwin Road, Gun house, Ramaswamy circle, and Hunsur road was selected as street canyon category due to the sites were packed with high rise buildings, heavy traffic, and constant movement of light and heavy-duty vehicles. The fifth sampling site was RMP layout near Basavanahalli as the control site due to its open landscape, higher elevation, and low traffic and vehicular movement. Nine sampling points were selected in each site for NO 2 measurement consisting of five points in the main road with 50 m distance from each point and four points in the crossroad at the distance of 50 and 100 m away from the intersection. The sampling was performed in the morning from 6-9 am and in the evening from 4-7 pm. At the intersection points of all study sites, the SPM, PM 10, and PM 2.5 concentrations were sampled for ten days (80 hours), each day about 4 hours in the morning and evening (Figure 1 ).
Figure 1 Sampling points for the measurement of air pollutants in street canyons and open landscape sites

Data Collection
The 50m distance between each point in each sampling site was measured accurately using a GPS device, Garmin Montana 650. The NO 2 concentration was measured using a portable air quality monitor, Aeroqual series 500. The meteorological parameters such as outdoor temperature, humidity, wind speed, and heat index were recorded using weather center device, AcuRite model 00615. The particulate matter sampling was done by employing Envirotech's fine particulate sampler APM 550 (for PM2.5) and respirable dust sampler APM 460DXNL (for SPM and PM10).
Statistical Analysis
Data were expressed as mean ± SD. The comparison between sites was done using Student's t-test. The calculated p values were reported in their real values unless they follow this category: p˂0.01 (highly significant), p˂0.05 (significant), p˂0.1 (considerably significant), and p˃0.1 (insignificant). Linear regression analysis and two-tailed bivariate Pearson's correlation have been prepared to identify the association between NO 2 , SPM, PM 10 , PM 2.5 , number of vehicles, and wind speed. SPSS version 20 was employed for statistical analysis.
Results and Discussion
The variation of NO2 levels with distance along the main road and crossroads in the five areas at low traffic time (morning) and peak traffic time (evening) is given in Table 1 . The estimated NO2 levels in the intersection of street canyons (Irwin road, Gun house, Ramaswamy circle, and Hunsur road) were 55.6 ± 2.3, 98.7 ± 5.6, 44.2 ± 2.2, 106.7 ± 5.2 μg/m 3 in the morning (6-9 am) and 208.1 ± 12.3, 180.7 ± 8.2, 145.1 ± 13.4, 84.6 ± 4.9 μg/m 3 in the evening (4-7 pm), whereas in RMP layout (open landscape) the NO 2 levels of 21.6 ± 2.2 and 66.8 ± 5.1 μg/m 3 were observed in the morning and evening, respectively.
There was a highly significant difference (p < 0.001) in the NO 2 concentrations between street canyons and open landscape sites. The maximum concentration was found at the intersection of both street canyons and open landscapes ( Figure 2 ). In case of open landscape site, there was no significant variation in the NO 2 levels with the distance of 50 or 100 meter away from the intersection (p = 0.391 and p = 0.120, respectively), whereas in street canyons sites the variation (p = 0.02) in NO 2 levels was found at the distance of 50 and100 meter away from the intersection. The reason may be the idling of the vehicles, greater traffic density, and lower speed of the vehicles close to the traffic light, thus resulted in higher NO 2 emission (Soltic and Weilenmann 2003) .
All street canyons sites, except Hunsur road, had tall and packed buildings in both directions from the intersection compared to the control site; this may restrict the dispersion of NO 2 emitted by the vehicles and cause the NO 2 to concentrate at the ground level of the street canyons (Vardoulakis et al. 2013 ). The NO 2 concentration in street canyon sites was different between the main road and crossroads in the morning (p = 0.001) and evening (p < 0.001). A similar trend was found in the control site (p < 0.05). However, among the different urban spaces, the most polluted areas are the street canyons. The concentration of NO 2 in open landscape halves the same in street canyons. As we move away from the intersection, the NO 2 level in control site was very low, mainly due to fewer accounted vehicles. The type of urban space and the number and type of vehicles, as well as their speed, contributed to the pollutant concentration. Therefore, the NO 2 did not show a significant level in the open landscape than that in the street canyons (Mally and Ogrin 2015) . Statistics of meteorological parameters and air pollutant concentrations in urban Mysuru is given in Table 2 . The weekly average concentration of NO 2 , PM 10 , and PM 2.5 in the intersections of street canyons was 50.6, 93.7, and 52.4 µg/m 3 , respectively. The difference in the NO 2 level between each street canyon site is mainly due to vehicular traffic and congested building, but in the case of PM level, no significant different was found. The result found an insignificant relationship between NO2 concentration and SPM, PM 10 , and PM 2.5 (p = 0.236, 0.576, 0.523, respectively, Figure 3) . The reason may be due to the study was conducted during monsoon (June-September) as the rainfall had washed out the particles. Rainwater also reacts with NO 2 , which may affect the insignificant correlation between PM concentration and NO 2 level (Kumar and Joseph 2006; Aurangojeb 2011).
Similar work has been carried out in Mysore and found that the annual average measurement trends in the air quality of Mysore showed that SO 2 and NO 2 concentrations observed in the year 2016 was within the permissible limits of 50 and 40 μg/m 3 , respectively (Venkataramana et al. 2018 ). However, the average concentration of air pollutants in street canyons is higher compared to the open landscape, but it is still within national ambient air quality standard by US EPA with air quality index (AQI) score of 94 (satisfactory). The variation in NO 2 concentration and wind speed has no regular trend. However, higher NO 2 concentration occurred when the wind speed was between 2-4 km/h. The concentration varies irregularly with increasing wind speed. The meteorological factors differ significantly between the street canyon and the open landscape. On the street canyon sites, the observed meteorological elements were characterized as low wind speed (2.4 km/h), high humidity (53.4%), and high-temperature variation (0.02°C), which may be the reason why NO 2 concentration was not dispersed properly. Furthermore, there was a significant negative correlation between wind speed and concentration of SPM and NO 2 (p = 0.002 and p < 0.05, respectively). Interestingly, PM 10 and PM 2.5 showed insignificant relationship with wind speed (p = 0.173 and p = 0.179, Figure 4 ). The wind speed in each street canyon was almost similar, but the NO 2 concentration varied. The reason may be due to the difference in building congestion, which made the pollutants cannot be dispersed properly. • street canyons, ○ control
The concentration of NO 2 and particulate matter in street canyons are highly influenced by traffic volume. The NO 2 level in some of the canyon sites like Irwin road and Ramaswamy circle exceeded the permissible limit (80 µg/m 3 ). Conversely, PM 10 , and PM 2.5 daily average concentrations were below the national standard in all street canyons. The high number of vehicles passing through the roads attributable to the higher NO 2 concentration as we found significant positive associations between traffic volume and NO 2 , SPM, PM 10 , and PM 2.5 , either in street canyon or open landscape sites ( Figure 5) . Table 3 shows the vehicular status during the assessment of air pollutants in the morning and evening. The vehicle population in Mysore has grown rapidly since 2015. It increased significantly from approximately 84 627 in 2015 to 97 069 in 2018, with an annual increase rate of 6 221 vehicles per year. During vehicle count, the two-wheelers were the dominant vehicle type and the dominant source of emission in street canyons. By our study, number of vehicles plays a significant role in controlling the primary and secondary pollutant emissions in Mysuru, particularly the ambient NO 2 levels. Buses and heavy-duty vehicles like trucks emit a relatively higher amount of NOx (Venkataramana et al. 2018; Sindhwani and Goyal 2014 
Conclusion
Measurement of meteorological data, vehicular traffic, and air pollutant concentrations, including NO 2 , SPM, PM 10 , and PM 2.5 , have been conducted at four street canyons and one open landscape during the monsoon period in Mysuru. In general, the measured air pollutant concentrations in the street canyons were higher compared to the open space. The area near the bus station (Irwin road) has the highest air pollutant level in comparison to other street canyons.
The concentrations of NO 2 and particulate matter in the crossroad were significantly lower compared to the main road. The factors affecting this difference were found to be vehicular traffic, street landscape, and wind speed. Above all, perhaps, our work could be beneficial for the town planners in organizing the urban transport planning resulting in the reduction of the air pollutant emissions that will further promote the increase in public health quality in the city. Table 3 Vehicle count during the assessment of air pollutant (a) in the morning (6 to 9 am) and (b) in the evening (4 to 7 pm)
